"Omnis cellula e cellula" Rudolf Virchow (1858)
The identity of stem cells, their location and organisation within tissues, and the regulation of their regenerative potential has been the subject of ongoing debate since articulation of modern cell theory in the mid 19 th century which recognised that cells are the fundamental building blocks of all living organisms, and that every cell is derived from a pre-existing cell (Omnis cellula e cellula). The term "stem cell" was originally coined in the late 19 th century 1 by embryologists to describe embryonic cells thought to give rise to the specialised tissues of multicellular organisms during ontogeny; and by haematologists to describe the hypothesised common precursor of the diverse cell types identified in the bone marrow, peripheral blood and lymphatic system.
Historically, adult organs have been classified as continuously renewing (bone marrow, gut, skin), conditionally renewing (lung, kidney, liver), or essentially non-renewing (nervous tissue, muscle) on the basis of their proliferative capacity and cell turnover in the steady state or following injury 2, 3 . A continuously renewing tissue like the bone marrow, has the prodigious capacity to generate approximately 200 x 10 9 erythrocytes, 50 x 10 9 white blood cells, and 125 x 10 9 platelets daily in the steady state, and can rapidly augment cell production up to 10-fold in times of stress 4 . The gut also generates approximately 100 x 10 9 intestinal epithelial cells daily, replacing the entire intestinal epithelium every 5 days 5, 6 .
The lung on the other hand, is a conditionally renewing organ. Airway epithelial cell turnover is low (~1% per day) with replacement of the tracheobronchial epithelium
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estimated at approximately 4 months 7 . However like kidney and liver, the lung is able to undergo compensatory growth, rapidly increasing its rate of regeneration to replace ablated tissue following severe injury 8 .
The intrinsic properties of adult stem cells:
The adult stem cell paradigm is largely underpinned by the analysis of cell regeneration in continuously renewing tissues. Accordingly, adult stem cells are defined as rare, morphologically unrecognisable cells endowed with a high proliferative potential and the life-long ability to (a) maintain and replenish their own kind, (b) generate large numbers of functionally differentiated progeny, and (c) replace senescent and damaged cells in the steady state and following perturbation or injury 9 .
The classical adult stem cell hierarchy comprises an age-structured continuum of stem and transit amplifying progenitor cells of progressively restricted proliferative and differentiative potential which in turn give rise to mature non-dividing functionally differentiated cells ( Figure 1 ). As a general rule multipotent stem cells at the head of this hierarchy are highly quiescent. Typically, the vast majority are in a G 0 state 10 and descendent cell lineages are derived from a small number of active clones 11 , thus ensuring the preservation of a stem cell reserve while mitigating the risk of error-prone stem cell replication and transformation 12 .
Day-to-day demands for replacement of senescent and damaged cells are met by more abundant rapidly cycling lineage-restricted transit amplifying progenitors of limited proliferative potential 10 . According to this paradigm, stem cells divide asymmetrically to homeostatically regulate stem cell pool size while simultaneously replenishing the more committed transit amplifying progenitor cell compartments, but also retaining the ability to divide symmetrically to expand stem cell numbers in order to meet the increased demand 20, 22 . There is evidence for and against the existence of regional diversity in neural stem cells in the brain 23 . Sub-populations of differentiated multifunctional cells able to revert to a (facultative) stem cell state have been identified in lung 24 , liver and pancreas 25 , while terminally differentiated cardiomyocytes appear capable of regenerating damaged heart tissue by a process of dedifferentiation and redifferentiation 26, 27 .
However, it is interesting to note that at a time when the delineation and functional analysis of adult stem cells was in its infancy, Till 28 suggesting that classical and non-classical models of stem cell organisation may have more in common than might appear at first glance 25, 29, 30 , and emphasizing the fact that stem and progenitor cells are defined operationally: by what they do rather than how they are decorated.
Stem cells are defined in context -the role of the niche in stem cell specification:
Importantly, adult stem cells are not solely defined by their intrinsic properties, but also by the permissive or restrictive microenvironments in which they reside. The importance of the microenvironment in stem cell specification had long been appreciated in both embryonic development 31 and adult haematopoiesis 32 , but the concept of the stem cell niche was only articulated by Schofield in 1978 33 in modelling the regulation of haematopoietic stem cells.
He proposed that adult stem cells occupy specific anatomical sites which preserve their developmental potential, regulate their replication, inhibit their differentiation and provide a milieu conducive to the preservation of engrafted cells in a stem cell state. The crosstalk between the stem cell and its niche profoundly affects stem cell behaviour and functionality 3, [34] [35] [36] [37] . In the lung, the interdependence of regenerative cells and their niche microenvironment is evident in both the process of lung epithelial regeneration and repair 38 and in the aberrant proliferation and differentiation of airway and alveolar epithelial cells as a consequence of the pathophysiological remodelling and scarring of the subepithelial microenvironment in lung fibrosis and asthma [39] [40] [41] [42] .
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Problems and pitfalls in assaying stem cells and modelling stem cell hierarchies: . And, cell lineage tracing in conditional transgenic reporter mouse models can be confounded by the lack of specificity of promoters and the pharmacokinetics of inducers used to elicit gene expression 57, 58 .

Characterisation and organisation of lung epithelial stem and progenitor cells
The lung is a complex organ comprising at least 40 cell lineages of endodermal, mesoderm and ectodermal origin which arises from an out-pouching of the foregut 59 . While progress has been made in delineating stem and progenitor cells in all lung compartments 21, 60 The organisation of endogenous epithelial stem and progenitor cells in the adult lung has been extensively reviewed in recent years 7, 21, 60, 62, 66, 67 . Briefly, these studies suggest that regional stem and progenitor cells are responsible for the maintenance of specific epithelial cell lineages in the proximal and distal conducting airways and the alveolar bed ( Figure 3 ). 91 .
Modelling lung epithelial stem cell hierarchies: Are we there yet?
The development of powerful animal models 57 
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Practical issues related to the acquisition of human lung tissue biopsies suitable for stem cell experimentation will impact the development and refinement of optimal strategies for stem cell isolation and characterisation. The modelling of lung epithelial stem cell organisation and regulation will require access to normal lung tissue from different anatomical regions along the proximal-distal axis of the airway tree, and its processing in a timely manner.
Regular access to normal lung is rare, and resected "normal" lung tissue and bronchoscopy 
